Strains of mycobacteria capable of growth in 1 to 3 days of incubation from small inocula in L6wenstein-Jensen medium or in glycerolnutrient-agar are grouped under the name of rapidly growing mycobacteria. This group includes both pigmented and nonpigmented strains.
Strains of mycobacteria capable of growth in 1 to 3 days of incubation from small inocula in L6wenstein-Jensen medium or in glycerolnutrient-agar are grouped under the name of rapidly growing mycobacteria. This group includes both pigmented and nonpigmented strains.
The purpose of the present paper is to review only the characteristics of the nonpigmented strains for taxonomic purposes, utilizing the method proposed by Sneath (1957a, b) based on the Adansonian principles (i) every feature is of equal importance in creating taxa, (ii) organisms are classified according to their over-all similarity, (iii) over-all similarity is the proportion of features possessed in common by two organisms, and (iv) divisions between taxa are based on correlated features.
Preliminary studies directed toward specific taxonomic identification of some mycobacteria have been reported (Frey and Hagan, 1931;  Thompson, 1932; Pinner, 1932; Gordon, 1937 ; Gordon and Hagan, 1938; McMillen and Kushner, 1959 ). The only well-defined species among the rapidly growing, nonpigmented strains of acid-fast bacilli is Mycobacterium fortuitum Cruz (Gordon and Smith, 1955) but there are also a certain number of related strains of unsettled taxonomic position.
The present study was undertaken in an attempt to clarify the taxonomic position of the last mentioned group of strains.
MATERIALS AND METHODS
Strains. The organisms used in this study were received from various sources and are listed in Table 1 . All the strains were maintained by subcultures on Lowenstein-Jensen medium. The preliminary criterion used in the selection of strains was the presence of visible growth from 1 to 3 days both in glycerol-nutrient-agar and in Lowenstein-Jensen medium from inocula of 0.1 ml of suspensions containing 9 X 108 cells per ml, and the absence of pigment after 10 days of incubation. After this preliminary selection, all strains were studied as follows.
Growth characteristics. Records of the characteristics of growth were made from cultures grown on tryptose broth, Dubos-tween-albumin, L6wenstein-Jensen, glycerol-nutrient-agar, and from slide cultures on Bennett's agar.
Microscopic examination. Smears were made and stained by the Ziehl-Neelsen method after 6 and 30 days of incubation at 37 C from the growth in Lowenstein-Jensen, glycerol-nutrientagar, tryptose broth, and Dubos-tween-albumin medium. The slide cultures were stained by the Ziehl-Neelsen method and observed after 5 and 10 days of incubation at 28 C.
Temperatures of growth Cultures were made on tubes containing a modified Proskauer and Beck medium (Youmans, 1946) or L6wenstein-Jensen and transferred to a water bath. The water level and the temperature were carefully controlled. The cultures were examined for growth after 3 and 7 days at 28, 37, 45, and 52 C.
Survival at 60 C. Cultures were made on Lowenstein-Jensen and the modified Proskauer and Beck mdium as above, and quickly heated to 60 C and maintained at this temperature for 4 hr in a water bath. The cultures were then rapidly cooled and incubated at 28 C for 14 days, and inspected for growth.
Decomposition of casein. Each culture was streaked on a plate and inspected for clearance of casein after incubation at 28 C for 7 and 14 days (Hastings, 1903) .
Decomposition of tyrosine. Each culture was streaked on a plate containing 0.5% tyrosine crystals distributed in nutrient agar and after 14 and 21 days of incubation at 28 C ability to hydrolyze tyrosine was determined by disappearance of the crystals beneath and bordering the growth (Gordon and Smith, 1955) . Hydrolysis of starch. In a medium similar to that used for tyrosine utilization, starch was substituted for tyrosine. The hydrolysis was detected by the appearance of a clear zone underneath and around the growth by the addition TAXONOMY OF NONPIGMENTED MYCOBACTERIA (Gordon and Smith, 1955) . Cultures on each carbohydrate medium were observed for acid production as revealed by the change of the indicator (bromocresolpurple) to yellow after 7 and 28 days of incubation at 28 C. The following carbohydrates were tested: arabinose, xylose, rhamnose, glucose, mannose, fructose, galactose, lactose, maltose, sucrose, trehalose, raffinose, melibiose, mannitol, sorbitol, dulcitol, inositol, erythritol, and salicin.
Utilization of organic acids as carbon sources. A modification of Koser's citrate agar medium was prepared according to Gordon and Smith (1955) . Use of the organic acids was indicated by the alkaline color of the phenol red after 7 and 28 days of incubation at 28 C. The following organic acids as their corresponding sodium salts were used: citrate, succinate, tartrate, pyruvate, propionate, and benzoate.
Taxonomic analysis. The strain properties subjected to taxonomic analysis were based on acid production from carbohydrates and the utilization of organic acids as carbon sources, which totaled 25 individual tests.
The method proposed by Sneath (1957b) consists in the tabulation of strains according to their index of similarity (S) which is obtained by dividing the number of similarities between a pair of strains by the number of similarities plus the number of differences existing between them:
Similarity (S) = (ns)/(ns + nd)
Where ns = the number of positive features possessed by both strains; it does not include the number of features which are not possessed by either individual strain. nd = The number of features possessed by the first individual strain but not by the second, plus the number of features possessed by the second but not by the first. S is given as percentage in the present work.
The sorting procedure for rearranging the strains as well as the diagrammatic representation of the full S values were made according to Sneath (1957b Strains belonging to the subgrcups la and lb produced acid from glucose, mannose, fructose, trehalose, and salicin, and utilized citrate, succinate, pyruvate, and propionate. In addition, strains of subgroup la produced acid from mannitol, whereas strains of subgroup lb did not. The strains belonging to these subgroups are shown in Table 3 .
Subgroup lc is composed of 7 strains (Table 3 ) having over-all S values between 80 and 88% in relation to subgroups la and lb. Strains belonging to subgroup lc produced acid from glucose, mannose, fructose, and trehalose but not from mannitol or salicin. Citrate, pyruvate, succinate, and propionate are also utilized by these strains as sole carbon sources. All the strains of the subgroups la, lb, and lc fit well the physiological pattern previously described by Gordon and Smith (1955) Acid from: 83, and 60% in relation to subgroups la, lb, and strain no. 41 formed acid from lactose and mallc, respectively. Besides possessing all positive tose. The cross-hatched areas in Fig. 1 are indicacharacteristics of subgroup la, strain no. 33 pro-tive of the lower S values of these "intermediate" duced acid from sorbitol and erythritol, whereas strains. A second group is formed by two sub- Fig. 1 emphasizes the differences between this subgroup and group 1.
Finally, there were strains (nos. 27, 34, 40, and 42) which had very few physiological characteristics in common with any one of the above-mentioned strains or group of strains. Strain no. 27 was similar to strain no. 34 (S = 81%). Strain nos. 34 and 42 show an S index of 88 between them but had very little in common with any other strain. Low S values were found for strain no. 40 when compared with all the other strains.
DISCIJSSION
The nonpigmented, rapidly growing mycobacteria have in common cellular and colonial morphology, and rate and temperature of growth. However, they show differences with regard to acid production from carbohydrates and utilization of organic acids as carbon sources.
In recent papers on bacterial taxonomy, several authors (Sneath, 1957a, b; Sneath and Cowan, 1958; Lysenko and Sneath, 1959) o a W 2 6 l l l l l l l l l l l l l l l l l l l l i i t . When the present results were analyzed according to this method, they revealed the existence of a wide metabolic spectrum among the strains. However, according to the over-all S values obtained, it was possible to form three main groups of strains (Fig. 1) . Since the diagrammatic representation shown in Fig. 1 
